This paper links changes in county-level mortality rates to a change in U.S. trade policy in the year 2000 that eliminated potential tari increases on Chinese imports. Using a dierence-in-dierences identication strategy, we nd that moving a county from the 25th to the 75th percentile in terms of exposure to the policy change is associated with an increase in the mortality rate of 6 per 100,000, or approximately 0.6 percent of the average rate across counties in the year the policy is implemented. Examining potential mechanisms for this result, we nd that the change in policy is associated with higher unemployment, lower labor force participation, loss of health care coverage and deteriorating health. Recent research documents the substantial impact of PNTR and Chinese import competition on the U.S. manufacturing sector, suggesting a link between the change in U.S. trade policy and mortality. 2 Pierce and Schott (2012a) show that PNTR preceded an 18 percent drop in U.S. manufacturing employment between 2000 and 2007, that this decline was concentrated in industries most exposed to the change in policy, and that it was accompanied by disproportionate increases in both U.S. 1 Intuition for these channels of adjustment can be derived from the literature on investment under uncertainty, where rms are more likely to undertake irreversible investments as the ambiguity surrounding their expected prot decreases. See, for example, Pindyck (1993); Bloom, Draca and Van Reenen (2007); and Handley and Limao (2014). 2 A series of papers starting with Ruhm (2000) documents a link between unemployment and mortality, though their nding of a pro-cyclical relationship suggests that the association between increased import competition and mortality rates might be negative for the workers displaced by the competition. Ruhm (2015) and Stevens et al. (Forthcoming) provide summaries of this literature.
Introduction
This paper explores the relationship between trade liberalization and mortality. Such a link might operate through several channels, and be positive or negative depending upon the sector in which workers are employed and the regions they and their dependents inhabit. On one hand, health might improve with income for workers in comparative advantage sectors, or for all workers to the extent that prices fall for products and services contributing to better health. On the other hand, health might deteriorate for workers in import-competing industries who suer temporary or permanent declines in employment or wages, perhaps more so if they also face a disruption in health care coverage. Autor et al. (2013) show that U.S. commuting zones with greater increases in Chinese imports per worker over this period experience greater loss of manufacturing employment and higher transfer payments for unemployment, disability, retirement and healthcare. McManus and Schaur (2015a,b) document a relationship between commuting zones' Chinese imports and health outcomes, while Feler and Senses (2015) nd that this import competition is associated with reduced provision of local public goods.
We quantify the impact of PNTR on counties' mortality rates in two steps. First, we follow Pierce and Schott (2012a) in dening industries' exposure to PNTR as the dierence between the high non-NTR rates that would have prevailed if an annual renewal had failed and the lower NTR rates that were locked in by the change in policy.
We refer to these dierences as NTR gaps, and show that they are economically signicant and exhibit substantial variation across industries, with a mean and standard deviation of 33 and 15 percentage points, respectively. Second, we calculate a county's overall exposure to PNTR as its weighted average NTR gap, using its industry employment shares as weights. Given the high share of non-tradable production in most counties, NTR gaps generally are smaller across counties than across industries. For counties, we nd NTR gaps to have a mean and standard deviation of 7.2 percent and 6.3 percentage points, respectively.
Our baseline, dierence-in-dierences (DID) specication using county-level data from 1990 to 2006 examines whether counties more exposed to Chinese competition (rst dierence) experience dierential changes in mortality after the policy is implemented (second dierence). We nd a positive and statistically signicant association between the overall age-adjusted mortality rate and the U.S. trade liberalization. This relationship is also economically signicant, with an increase in a county's NTR gap from the 25th to the 75th percentile being associated with a jump in the overall mortality rate of 5.6 per 100,000, or approximately 0.6 percent of the average mortality rate across counties in the year 2000 (914). We estimate a similar specication for three demographic sub-groups for which mortality data are available for virtually all counties: males, females and whites. Coecient estimates are positive in all three cases but statistically signicant only for females and whites.
We nd evidence for several mechanisms by which PNTR aects mortality. Using a similar DID identication strategy to the one outlined above, we show that counties more exposed to PNTR experience relatively greater labor market disruptions, including higher unemployment, lower labor force participation and decreased employment in manufacturing.
3 Examination of self-reported health outcomes highlights a more direct link between PNTR and mortality, with respondents in counties more exposed to the trade liberalization being more likely to report losing their health coverage, forgoing medical care due to cost, and experiencing deteriorating health. 4 On the other hand, examination of product-level trade data reveals that PNTR is associated with a reduction in import prices, including prices for inputs to health-related industries.
Finally, we also examine a range of other county outcomes for additional manifestations of the disruptive inuence of PNTR, including both crime and birth rates. While we nd no relationship between PNTR and violent crime, the change in trade policy is associated with a statistically signicant increase in property crime. 5 For birth rates, we nd that PNTR is associated with a reduction in the natality rate.
The paper proceeds as follows: Section 2 describes the data, Section 3 describes our empirical strategy and initial results, Section 4 explores mechanisms that might explain the results, Section 5 examines responses of other outcomes that may be indicative of labor market disruption, and Section 6 concludes. An online appendix provides additional empirical results as well as information about dataset construction and sources. 8 Figure 1 plots the distribution of age-adjusted mortality rates for the overall population across counties at two-year intervals starting in 2000. As indicated in the gure, these distributions display a distinct leftward shift, indicating a reduction in overall death rates over time. 9 The rst eight rows of Table 1 
2.2

County Demographic Information
Our analysis controls for demographic characteristics of counties that may also explain variation in mortality rates. This demographic information, e.g., median household income, is obtained from the Decennial Census performed by the U.S. Census Bureau.
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Rows nine to fourteen of Table 1 
We refer to this dierence as the NTR gap, and compute it for each SIC industry j using ad valorem equivalent tari rates provided by Feenstra et al. (2002) for 1999, the year before passage of PNTR. As illustrated in Figure 2 , NTR gaps vary widely across industries, with a mean and standard deviation of 33 and 15 percentage points, respectively. As noted in Pierce and Schott (2012a), 79 percent of the variation in the NTR gap across industries is due to non-NTR rates, set 70 years prior to passage of PNTR. This feature of non-NTR rates eectively rules out reverse causality that would arise if non-NTR rates were set to protect industries with declining employment or surging imports. Furthermore, to the extent that NTR rates were set to protect industries with declining employment prior to PNTR, these higher NTR rates would result in lower NTR gaps, biasing our results away from nding an eect of PNTR. 11
We compute U.S. counties' exposure to PNTR as the employment-share weighted average NTR gap across the sectors in which they are active,
where we use employment shares from 1990, a period well before the change in policy.
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Note that NTR gaps are dened for industries whose outputs are subject to U.S. import taris, primarily in the manufacturing and agricultural sectors. For industries whose output is not subject to taris, such as services industries, NTR gaps are set to zero. Figure 3 reports the distribution of NTR gaps across counties. Relative to the distribution across industries (Figure 2 ), the distribution for counties is shifted towards the left, reecting the fact that most workers in most counties are employed outside the manufacturing sector. The nal row of Table 1 13 Counties with NTR gaps equal to zero lie in predominantly agricultural areas, e.g., in Nebraska
As noted in Pierce and Schott (2012a), PNTR coincides with the elimination of textile and clothing import quotas associated with the end of the global Multi-Fibre Arrangement (MFA). We account for these phaseouts in our estimations below.
Mortality Results
Our baseline estimation examines the link between mortality and trade liberalization from 1990 to 2006 (the year before the onset of the Great Recession) using a dierencein-dierences (DID) specication that asks whether counties with higher NTR gaps (rst dierence) experience dierential changes in mortality after the change in U.S.
trade policy versus before (second dierence),
The left-hand side variable represents county c s age-adjusted death rate in year t. The rst term on the right-hand side is the DID term of interest, an interaction of a post-PNTR (i.e., t > 2000) indicator with the (time-invariant) county-level NTR gap. X ct represents a matrix of time-varying policy attributes that account for the overall U.S. import tari rate associated with the sectors produced by the county as well as the sensitivity of the county's apparel and clothing production to the end of quantitative restrictions associated with the phasing out of the global Multi-Fiber Arrangement (MFA). 14 X c represents a vector of initial period county demographic attributes taken from the 1990 Census that are found to be important in the literature on mortality. These include median household income, share of population achieving and North and South Dakota. Counties with the highest NTR gaps, i.e., above 30, tend to be concentrated in the southeast, e.g., in Georgia and South Carolina. the extent to which industry quotas were binding under the MFA as the import-weighted average ll rate of the textile and clothing products that were under quota in that industry, where ll rates are dened as the actual imports divided by allowable imports under the the quota. Industries with higher average ll rates faced more binding quotas and are therefore more exposed to the end of the MFA. Products not covered by the MFA have a ll rate of zero.
higher education and share of non-white population. δ c and δ t represent county and year xed eects, and standard errors are clustered at the county level.
Including
interactions of these attributes with the P ost P N T R t indicator allows the relationship between these characteristics and mortality rates to dier before and after passage of PNTR. One advantage of this DID identication strategy is its ability to net out characteristics of counties that are time-invariant, such as whether a county is near the coast or inland, while also controlling for aggregate shocks that aect all counties identically in a particular year.
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Results for the overall mortality rate are reported in Table 2 . The rst column reports a specication containing just the DID term of interest and the xed eects. 
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Coecient estimates in rows two to four of Table 2 reveal no statistically signicant relationship between mortality and the additional time-varying policy measures included in the analysis. Results in the remaining rows suggest that counties with higher median household income, a greater share of the population with college degrees and a higher share of non-white population exhibit relative declines in mortality after 2000.
As noted in Section 2, we currently are able to observe death rates for a large number of counties for only a few demographic subgroups: males, females and whites.
Baseline regression results for these subgroups are reported in Table 3 , where the rst column repeats the results for the overall population. As indicated in the table, we 15 In future drafts, we intend to consider the inclusion in equation 3 of time-varying county-level variables that may also explain changes in mortality rates over this period. 16 One disadvantage is that the long sample period renders it susceptible to biased standard errors associated with serial correlation (Bertrand, Duo and Mullainathan 2003) . nd a positive and statistically signicant relationship between mortality and PNTR for females and whites. The DID coecient point estimates for these groups imply that a county moving from the 25th to the 75th percentile NTR gap (from 2.3 to 10.4 percent) is associated with an increase in the age-adjusted death rate per 100,000 of approximately 6.0 for females and 4.4 for whites or roughly 0.7 and 1.1 percent of the average age-adjusted mortality rates across counties for these groups in the year 2000.
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For the increase in mortality to be attributable to the change in U.S. trade policy, the NTR gap should be correlated with death rates after PNTR but not before. To examine whether this is the case, we estimate a version of equation 3 that interacts the time-invariant county-level NTR gap and other county attributes with an indicator variable for each year,
Results are reported numerically in Table 4 and visually in Figure 7 . As indicated in the gure, there is a noticeable shift upwards in the 90 percent condence interval for the DID coecients of interest around the granting of PNTR in 2000, for the overall population as well as for females and for whites.
Mechanisms
The previous section establishes a relationship between U.S. counties' exposure to the U.S. granting of Permanent Normal Trade Relations to China and mortality. In this section we investigate potential direct and indirect mechanisms that might explain this link. These mechanisms include disruptions to employment and labor force participation, self-reported health care coverage and health outcomes, and changes in Chinese import prices.
18 To the extent we obtain access to the condential CDC data, we intend to examine the relationship between PNTR and specic causes of death, including suicide and drug overdose, which Case and Deaton (2015) identify as important drivers of recent increases in mortality rates for non-Hispanic whites aged 45 to 54. and county-level labor market outcomes using the ordinary least squares dierence-indierence specication in equation 3. We examine the relationship between PNTR and counties' unemployment rates, labor force participation rates and log employment in both the manufacturing and non-manufacturing sectors.
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As indicated in Table 5 , we nd that greater exposure to PNTR is associated with a statistically signicant increase in counties' unemployment rates, and statistically signicant declines in the labor force participation rate, overall employment and manufacturing employment. 20 While we nd that exposure is positively associated with non-manufacturing employment, the magnitude of this association is two orders of magnitude smaller than the estimated eect in manufacturing. The DID point estimates in Table 5 suggest that a county moving from the 25th to the 75th percentile NTR gap 
Self-Reported Health Coverage and Outcomes
Examining the relationship between PNTR and health-related outcomes can provide further intuition for the link with mortality described above. We use data from the CDC's Behavioral Risk Factor Surveillance System (BRFSS) to examine how health outcomes respond to the policy change. 21 The BRFSS is a cross-sectional telephone survey coordinated by state health departments on a monthly basis with technical and methodological assistance from the CDC. Survey questions solicit information about health-related risk behaviors, chronic health conditions and use of preventative services.
One useful feature of BRFSS data relative to others for the purposes of our study is that it provides information on respondents' county of residence. However, we caution that this information is often suppressed, with the severity of the suppression increasing as one considers data for years further back in time. Because health care is often provided by employers, the temporary or permanent transitions out of employment documented above may lead to loss of health care coverage.
To the extent that this loss leads the uninsured to postpone or forgo necessary medical care, PNTR may exert a direct eect on mortality.
We examine two questions related to health coverage in the BRFSS. These questions ask respondents whether they have any form of health care coverage and whether there was a time in the previous year when they needed to see a doctor but could not due to cost. We use the responses to construct two outcome variables: the share of respondents in the county that indicate that they have no health coverage, and the share indicating responses to the county level. In computing these averages, we include respondents who either report not knowing or do not provide a response.
that cost prevented them from a necessary doctor's visit.
23
As indicated in the rst two columns of Table 6 , we nd a positive and statistically signicant relationship between counties' exposure to PNTR and both reported lack of any form of health care coverage and an inability to see a physician due to cost. The 
Health Outcomes
Next, we examine the relationship between the policy change and self-reported health assessments. Three questions on the BRFSS ask respondents to rate their general state of health at the time of the survey and to note the number of days in the 30 days preceding the interview that the respondent had physical or mental health that they would rate as not good. 24 For the former, we consider the share of respondents that indicate their health is fair or poor; the other possible responses are excellent, very good and good. For the latter, we examine the county-level average number of days reported. Here, as above, we use the baseline DID specication in equation 3.
The third column of Table 6 reports results for current health status, and here, the positive and statistically signicant coecient on the DID term indicates that the policy change is associated with an increase in the share of respondents reporting the lowest two rankings of health status. The coecient's magnitude, 0.062, implies that a county moving from the 25th to the 75th percentile NTR gap is associated with an increase of 0.50 in the share of respondents indicating their general health is fair or poor, or 3.4 percent of the average share of respondents with this answer across counties in the year 2000 (14.9 percent). The nal two columns of Table 6 Taken together, the results in Table 6 indicate that PNTR is associated both with deteriorating health and an diminishing ability to aord treatment. These trends highlight a direct mechanism for the link between greater exposure to PNTR and higher mortality reported in Section 3.
Labor Market Outcomes
The BRFSS also asks respondents to declare their labor market status in terms of one of seven categories: employed for wages, self-employed, out of work more than 1 year, out of work less than one year, homemaker, student or retired. We examine these responses for two reasons. First, the BRFSS captures a richer set of labor market categories than the BLS data examined in Section 4.1. Second, comparison of the BRFSS and BLS data provides a check on the BRFSS's representativeness.
Each columns of Table 7 focuses on a dierent BRFSS labor market category. As 25 There is essentially no statistical relationship between the PNTR and the share of respondents reporting self-employment.
Column 4 of Table 7 shows that PNTR is associated with a positive and statistically signicant increase in the share of respondents indicating unemployment for less than one year. The point estimate, 0.039, implies that a county moving from the 25th to the 75th percentile NTR gap is associated with an increase of 0.316 in the share of respondents indicating unemployment for less than one year, or 11.7 percent of the average share of respondents with this answer across counties in the year 2000 (14.9 percent). 26 The DID coecient estimate for unemployment of greater than one year (column 3) is positive, but not statistically signicant at standard levels.
The DID estimate reported in column ve of Table 7 Together, the results in Table 7 are consistent with the ndings of Table 5 that PNTR leads to disruption of employment.
Prices
To the extent that imports are an important input into the production of healthcare, trade liberalization with China might improve workers' health via lower prices for health-related goods. Moreover, a general reduction in prices associated with trade liberalization may lead to welfare improvements for U.S. consumers. We investigate this link using customs data from the U.S. Census provided by Schott (2008).
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We employ a generalized triple dierences specication that compares products with varying NTR gaps (rst dierence) before and after PNTR (second dierence) and across source countries (third dierence) for the years 1992 to 2007:
+λT arif f hst + δ st + δ sh + δ ht + α + ε hst .
26 As noted in the nal row of the table, the mean self-reported unemployment rate across columns three and four of Table 7 is 4.4 percent, matching the mean unemployment rate from the BLS in column one of Table 5 . The point estimates across columns three and four of Table 7 imply an increase in the unemployment rate of 0.470 in response to moving a county from the 25th to the 75th percentile. This estimate is also close to the implied increase of 0.512 implied by the point estimate in the rst column of Table 5. 27 These data are available for download at http://faculty.som.yale.edu/peterschott/sub_international.htm.
The left-hand side variable represents the log of the average unit value observed for ten-digit HS product h from source country s in year t. 28 The rst term on the righthand side is the term of interest: a triple interaction of an indicator for China, an indicator for the post-PNTR period, and the NTR gap for product h that captures the impact of the change in U.S. policy. T arif f hct represents the U.S. revealed import tari for product h from country c in year t, computed as the ratio of duties collected to dutiable value using publicly available U.S. trade data. δ ct , δ ch and δ ht represent country×year, country×product and product×year xed eects. α is the regression constant.
Results are reported in We use the following back-of-the-envelope procedure to gauge the potential impact of the decline in Chinese import unit values on health-related versus other goods within the United States. First, we use the results in Table 8 to compute the predicted relative impact of PNTR for each HS import product. Second, we take the average of these impacts across HS products within NAICS industries. Third, we merge these NAICS-level mean log changes into the 2007 U.S. total requirements input-output matrix, whose coecients indicate the amount of the input NAICS industry needed to produce one dollar of the using industry. Fourth, we compute the weighted average implied relative log unit value changes across the input industries for each using industry, using the IO coecients as weights. Finally, we examine the changes associated in Table 9 , along with the average for those industries versus all others. As indicated in the 
Supporting Evidence
In this section we investigate a range of other outcomes including crime and birth rates that shed further light on the disruptions associated with the change in U.S.
trade policy that are noted in the previous section.
Crime
We examine the relationship between PNTR and crime rates for two reasons. First, an increase in crime could aect mortality directly, e.g. via homicides, though it turns out that we do not nd evidence for that channel. Second, a link between PNTR 30 Table 10 reports the results of baseline DID specications similar to those used above. As indicated in the rst and second columns of the (2015) who note that counties more exposed to imports from China experienced small increases in property crime, while the least exposed counties experienced a substantial reduction in crime.
The remaining columns of Table 10 illustrate positive and statistically signicant relationships between counties' exposure to PNTR and several forms of property crime:
burglary, larceny and auto theft. The DID coecient estimates for these regressions suggest that moving a county from the 25th to the 75th percentile NTR gap is associated with an increases in the rates of these crimes of 5.5, 4.1 and 2.6 percent compared to their rates per 100,000 residents in the year 2000 (510, 1542 and 150).
The relationship between counties' exposure to PNTR and the various violent crime
categories is not statistically signicant at conventional levels. In particular, PNTR's relationship with murder is negative but statistically insignicant (p-value of 0.40)
indicating it does not provide a direct link to the mortality results above via that channel.
Birth Rates
The labor market disruptions documented in Section 4.1 may aect fertility both positively and negatively. On the one hand, temporary declines in wages associated with PNTR might reduce the opportunity cost of having children and thereby push up the birth rate. On the other hand, to the extent that PNTR results in longer-term reductions in income, birth rates might decline.
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In this section we examine county-level data on birth rates available from CDC.
As
with the BRFSS data, however, we caution that this information is often suppressed, We nd that exposure to PNTR is associated with an increase in mortality rates for the population as a whole, as well as for the female and white subsets of the population.
In terms of magnitude, moving a county from the 25th to the 75th percentile in terms of exposure to PNTR is associated with an increase in mortality per 100,000 of 5.6, or about 0.6 percent of the average age-adjusted mortality rate across counties in 2000.
Further analysis shows that the increase in mortality rates occurs around the same time as the change in trade policy.
We also nd evidence for several potential mechanisms for the increase in mortality rates associated with PNTR. Our nding that PNTR is associated with labor market disruption including higher unemployment and lower labor force participation is consistent with a body of research linking job loss to increased mortality. Moreover, we nd higher exposure to PNTR is associated with a higher share of the population reporting lack of health care coverage, an inability to see a doctor due to cost, and lower self-assessment of health status. 
